Introduction
Chemistry of heterocyclic compounds is a field of particular interest of the organic chemists. Heterocyclic compounds have attracted a considerable interest for their highly electron-donating and strong coordination abilities, and still receive much attention because of their applications. Synthesis of secondary and tertiary amines through the N-alkylation of primary amine is the furthermost important and essential reaction in synthetic chemistry. However, N-alkylation using alkyl halides is a traditional method of N-substituted amines synthesis [1] . Polyimides (PIs) have excellent physical and chemical properties and they are used extensively in microelectronic manufacturing as interlayer dielectrics (ILDs), passivation layers and 
Synthesis Methods of Imides
There are a few synthetic methods for the preparation of N-unsubstituted cyclic imides such as abridgment of urea with liquid/gas ammonia, or amide with cyclic anhydrides (Scheme 2) [10] .
Scheme 2 Synthesis of N-unsubstituted cyclic imides
Also N-unsubstituted imides can be obtained in the reaction of diacid chloride with lithium nitride under tremendously trifling conditions or microwave reaction of cyclic anhydrides with urea or thiourea, benzonitrile, cyanate, thiocyanate, 4-N, N-dimethylamino pyridine, ammonium chloride, ammonium acetate, and hydroxylamine hydrochloride [11] . The conventional simulated pathway (classical twostep method) for N-substituted imides synthesis comprises of the development of amic acids through a reaction of amines and anhydrides. Imidization of amic acids leads to the preferred imides. Dehydration of amic acids produces two isomers, imides and isoimides, contingent upon the kind of dehydrating agent, temperature, and reaction time, nature of amic acid, and the existence or lack of the catalyst [12] . Numerous dehydrating agents have been employed in the imide synthesis, for instance: thionyl chloride, acetyl chloride with triethyl amine, acetic anhydride with anhydrous sodium acetate (Schemes 3 and 4), phosphorous trichloride, and phosphorous pentaoxide [13] .
Scheme 3 Imide synthesis
Thermal process was utilized to get imides from the analogous amic acids [14] . By implementing this technique numerous N-substituted citraconimides such as N-(hydroxy phenyl) phthalimides, N-(hydroxy phenyl) maleimides, and N-(hydroxy phenyl) citracoimides have been formed (Scheme 5) [15] .
Scheme 5 Synthesis of N-substituted citraconimides
A few N-substituted cyclic imides formed from the analogous N-substituted cyclic imides by means of Gabriel synthesis by changing the potassium salt yield after the reaction with alkyl halides (Scheme 6). In this way, phthalimide with N-hydroxy ethyl, N-phenoxy alkyl, N-cyclopentyl, or N-benzyl has been generated [16] . Diels-Alder reaction was carried out to produce imide derivatives like N-substituted derivatives of 1-chloromethyl-1-dibenzo[e.h]bicyclo[2,2,2]octane-2,3-dicarboximide and the achieved imide was then reacted with 1,3-dibromopropane or 1-bromo-4-chlorobutane to produce N-(3-bromopropyl)-or N-(4-chlorobutyl)-substituted imide, that was condensed with appropriate aryl piperazines generating the novel imides as presented in Scheme 7 [17, 18] .
Furthermore, some cyclic imides were formed by Mitsunobu reaction (Scheme 8). Principally, Mitsunobu reaction includes condensation of alcohols and acidic components followed by treatment with dialkylazodicarboxylates and trialkylor triarylphosphines.
This happens mainly due to transposition of the configuration through the proposed transitional oxyphosphonium salts [19] [20] [21] . The reaction includes the activation of an alcoholic hydroxyl group and the following carbon-oxygen bond cleavage promoted by an attacking anion to provide the product (esters, ethers, imides etc.) with the complete inversion of the configuration on the alcohol stereo center [22] Synthesis of cyclic imides under microwave irradiation have interesting benefits including improved product yield and reduced reaction time [23] [24] [25] . A quick change of lactams to cyclic imides under microwave irradiation was performed using peracetic acid and manganic chloride in ethyl acetate as a solvent (Fig. 2) [26] [27] [28] [29] .
Scheme 4 Imide synthesis
Scheme 6 Gabriel synthesis of N-substituted cyclic imides in trifluoroacetic acid (Fig. 3) [30] . Advantages of this technique are the short reaction time, accessibility of the reagents, and remarkable yield.
Applications of Imides
N-Aryl and N-alkyl cyclic imides have attracted much attention of organic and medicinal chemists due to their various applications in biological, synthetic, and polymer chemistry [31] [32] [33] . Cyclic imides e.g.: benzoxazines, pyridooxazines and quinazolines can be used as building blocks to create a wide range of heterocyclic compounds [34] . A synthesis of numerous alkaloids and pharmacophores, employs cyclic imides as initial materials and as intermediates. Cyclic imides can also be employed for the synthesis of pesticides because of their substantial biological effects [35−38] . N-phenyl phthalimide was used in the synthesis of numerous herbicides. Its derivatives exhibit hypolipidemic activity, and other biological properties like antimicrobial, antimalarial, antihypertensive, or antiviral [39−42] . Phthalimide derivatives with phenyl acetic acid and phenyl propionic acid were found to have anti-inflammatory and analgesic properties. Varala et al. synthesized a series of phthalimides linked to mandelic acid using the combination of N-(2-hydroxy ethyl) phthalimide and substituted mandelic acids (Fig. 4) [43] .
Additionally, a series of N-phenyl phthalimides connected to substituted pyrazole moiety was synthesized by Pophale et al. [44] , as presented at Fig. 5 . A straightforward, newly developed, easy and productive synthetic protocol was used for the synthesis of N-aryl phthalimides, maleimides, and succinimides via condensation of cyclic anhydrides with aromatic amine
Scheme 7 Synthesis of N-(3-bromopropyl) and N-(4-chlorobutyl)-substituted imides.

Scheme 8 Synthesis of cyclic imides in Mitsunobu reaction
These synthesized imides showed considerable antiinflammatory and analgesic activities. (Fig. 6 ), which showed good anticonvulsant activity and less neurotoxic than phenytoin [45] . The study of the biological activity of these compounds showed that introduction of a methoxy group to the aryl ring induce a promising anticonvulsant properties. Pluempanupat et al. [46] synthesized sixteen N-phenyl phthalimides with various substituents on the phenyl ring including (Cl, NO 2 , OH, NH 2 , and Br) and examined their properties. Nevertheless, results exhibited that N-(2,4-dinitrophenyl)phthalimide was an effective inhibitor of yeast α-glycosidase, Maltese and, tetrachlorophthalimide derived from thalidomide shows also α-glycosidase inhibitor properties [47] . Michael synthesis of phthalimide and saccharin with α,β-unsaturated esters provides a N-alkyl phthalimide and saccharin derivatives, which are biologically appealing compounds having hypoglycemic, anti-ketogenic, antitumor, and antibiotic properties. Also a series of N-substituted phthalimides shown on the prove to be a non-nucleoside HIV-1 converse transcriptase inhibitors [48, 49] .
Assessment of antiepileptic and neurotoxic properties of derivatives was performed. (N-(2-chloro-4-aminophenyl) phthalimide) was found to have good affinity to batrachotoxin [50] . Synthesis of carbazole-2,3-dicarboxylic acid esters by cyclization using a suitable amine (Scheme 9), was tested in vitro for tumor cell-growth inhibition [51] .
Heterocyclic compounds
Cyclic compounds containing oxygen, nitrogen or sulfur are called heterocycles. Pyrrole, thiazole, thiadiazole, oxadiazole, are the most significant types of heterocycles, because of their properties and possible applications in the biotechnological industry [52] [53] [54] .
Thiazoles
Thiazoles are five membered heterocyclic compounds with nitrogen and sulfur atoms. The thiazole ring attached to a benzene ring gives benzothiazole. Various compounds for example drugs, biocides, fungicides, dyes, and catalysts are derivatives of thiazole and benzothiazole [55] [56] [57] .
Applications of Benzothiazoles
Due to their pharmacological properties, 2-amino benzothiazoles are used extensively as central muscle relaxants [58] . Benzothiazole derivatives had been widely studied and were found to have varied chemical reactivity and a broad spectrum of biological activities including antimicrobial, anticancer, antifungal, anti-anesthetics, anthelmintic, antitumor, anti-inflammatory, and antimalarial activities [59] [60] [61] . Bhargave and Jose synthesized piperidinoacetyl-2-amino-benzothiazoles and examined their local anesthetic activity [62] . Synthesis of 2-amino-6-cyanobenzothiazole and its anti-proliferative performance evaluation was reported by Caleta [63] . Trapani demonstrated anticonvulsing properties of 2-aminobenzo-thiazoles [64] .
Yoshida reported strong antitumor properties of benzothiazole derivatives [65] . Synthesis of substituted 2-(4-amino-phenyl)sulphonamido-benzothiazoles (Fig. 9) and its anti-tubercular activity was reported by Bhusari [66] . Nargund synthesized 7-substituted 6-fluoro-2-ptolylsulphonamido-benzothiazoles ( Fig. 9 ) and their antibacterial activity was reported [67] . Moreover, Dave reported the synthesis and antibacterial properties of benzothiazoles linked to halogenated phenothiazine moiety (Fig. 10) [68] . Some benzothiazoles are used as herbicides and plant growth regulators. Some of substituted benzothiazoles adsorbed on a metal surface inhibited iron and steel corrosion in acidic medium [69] .
Preparation methods of benzothiazole
2-Amino-benzothiazoles are types of fused thiazoles, and a few methods of their synthesis have been developed. One of them is Hugerschoff synthesis, which includes the reaction of acid chlorides, anhydrides or esters with 2-aminothiophenol, and thiocyanogen synthesis following by treatment of the resulted thiourea derivatives with bromine in chloroform. The last step is the reaction of p-substituted primary aromatic amine with ammonium thiocyanate and bromine in acetic acid (Scheme 10) [70] [71] [72] [73] .
Scheme 10 Hugerschoff synthesis of 2-amino-benzothiazoles substitutedbenzothiazolyl)-β-naphthols were synthesized via diazotization of 2-amino-6-replaced benzothiazoles to generate 6-substituted benzothiazolyl-2-diazonium chloride.
α-2-diazo-6-substituted benzothiazolyl-β-(psubstituted aniline)-naphthalene was synthesized from p-substituted anilines by fusion of sulfur and iodine.
Scheme 11 Synthesis of optically active benzothiazole derivatives
Scheme 12 Synthesis of cyano-substituted bis-benzothiazolyl compounds from 2-furan and 2-thiophene carboxylic acids through variousstage reactions.
Scheme 13 Five-step synthesis of benzothiazoles β
The other method for preparation of optically active benzothiazole derivatives is reaction of amine with 4-fluoro-3-chloro aniline (Scheme 11) [74] .
Swarnkar et al. reported the preparation of numerous benzothiazoles linked to the phenothiazine nucleus by five-step synthesis (Scheme 13) [75] . α-(2-diazo-6-
Oxadiazoles
Oxadiazoles are five membered rings with two nitrogen and one oxygen atoms. They can be synthesized from furan by substitution of two methane (-CH=) group by two pyridine type (-N=). Four oxadiazole structures are possible: 1,2,3-, 1,2,4-, 1,3,4-and 1,2,5-(Fig. 11) [76, 77] . (Fig. 12) . (Fig. 13) and its analogues were discovered as effective insecticides for house flies and horn flies. (Fig. 14) exhibit high anticancer activity as reported by Jin [79] . In vitro antimicrobial activity of 2,5-disubstituted 1,3,4-oxdiazole derivatives was tested and 2-(2-naphthyl oxymethyl)-5-phenoxy-methyl-1,3,4-oxadiazole (Fig. 15) showed highest (> 90%) inhibition [80] . (Fig. 16 ) exhibits anticonvulsant activity [81] . (Fig. 17) which demonstrate marvelous antiinflammatory and analgesic activities [82] . Numerous reagents have been stated to mediate the diacylhydrazine oxidative dehydration cyclization reaction providing asymmetrically 2,5-disubstituted-1,3,4-oxadiazoles, e.g.: ceric ammonium nitrate, tetravalent lead reagents or potassium permanganate under microwave conditions in presence of ferric chloride and bromine/sodium acetate.
It is possible to prepare N,N′-diacyl-hydrazine in one pot synthesis. Synthesis of 2-substituted-1,3,4-oxadiazoles was conducted through reaction of a hydrazide with a trialkyl o-alkanoate or by treating a hydrazide with an acid under microwave irradiation and in the presence of a dehydrating agent [85] .
Several researchers have reported the synthesis of substituted 1,3,4-oxadiazole derivatives using microwave irradiation (Scheme 16) [86] . 1,3,4-Oxadiazole derivatives containing the 4-nitroimidazole moiety were synthesized from 2-methyl-4-nitro-imidazo acetyl hydrazide with a carboxylic acid in the existence of phosphorousoxychloride under microwave irradiation and the same reaction was performed by refluxing reactants in an oil bath [87] . 
Thiadiazoles
Thiadiazole has four isomers, which are: 1,2,3-, 1,2,5-, 1,2,4-and 1,3,4-thiadiazole. Thiadiazoles comprise a fivemembered ring with two nitrogen and sulfur atoms, and they have many useful biological applications. 
Applications of 1,3,4-thiadiazoles
Many studies have been reported properties of 1,3,4-thiadiazole compounds, several of which show interesting biological activity, and these are: antimicrobial, antituberculosis, anti-inflammatory, anticonvulsants, antihypertensive, antioxidant, anticancer, antifungal, anti-leukemic agents. They found also other applications as pharmaceuticals, oxidation inhibitors, cyanide dyes, or metal complexing [95] .
Preparation Methods of 1,3,4-Thiadiazoles
Numerous synthesis approaches of 1,3,4-thiadiazole starting with thiosemicarbazide or substituted thiosemicarbazides treated with acetyl chloride or using phosphoric acid as the suitable dehydrating agent for smooth cyclization (Fig. 19) [88] .
The reaction of thiosemicarbazide with carbon disulfide and potassium hydroxide leads to the potassium salt and the thiosemicarbazide-4-dithiocarboxylicacid, which on further heating, produces 2-amino-5-mercapto-1,3,4-thiadiazole (Fig. 20) .
Alternatively, 1,3,4-thiadiazole can be produced from thiocarbazides by heating with formic acid (Fig. 21) [89] . Similarly, heating of thioacyl hydrazine with ethyl orthoformate produces 2-phenyl-1,3,4-thiadiazole (Fig. 22 ) [90] . (Fig. 24 ) [92] .
In recent years, sonicators are increasingly used in organic synthesis to increase the yield of the products, reduce the reaction time, and enhance the reaction conditions [93] . For instance, 1,3,4-thiadiazole was synthesized from 1-methyl-5-oxo-3-phenyl-2-pyrazolin-4-thiocarbox-anilide and different hydrazonyl halides or N, N'-diphenyl-oxalodihydrazonoyl dichloride under ultrasonic conditions (Fig. 25) [94].
Applications of 1,3,4-thiadiazoles
Biologically active 1,2,4-triazole-(3,4-b)-1,3,4-thiadiazole-2-aryl-thiadiazolinone-4-ones were synthesized by reaction of Schiff bases with mercaptoacetic acid (Fig.  26) . Resulted compounds presented high bacterial activity against Staphylococcus aureus, Pseudomonas aeruginosa, and Escherichia coli [96] .
A series of compounds obtained by linking 2,5-disubstituted-1,3,4-thiadiazole to benzimidazole moiety was tested for their in vitro activity against 
Corrosion Inhibitors
Atmospheric degradation of materials over time due to environmental effects is known as corrosion. It is a natural tendency of matter to return to their thermodynamically stable state and most metallic materials form oxides or sulfides. Fortunately, the corrosion rate is slow.
Only inert atmospheres or vacuum can provide a corrosion free environment for most of the metallic materials. Usually, iron and steel corrode in the presence of oxygen and water and corrosion rate increase with acidity, water velocity, metal motion, temperature, aeration and certain bacteria [97] .
Corrosion inhibitors can protect materials, especially in acidic media [98] . In general, there are three types of inhibitors: inorganic, organic, and mixed (inorganic and organic) [99] . Acid inhibitors are organic compounds that adsorb on the metal surface with the polar groups acting as the reactive centers [100] . Properties of organic inhibitors mainly depend on their structure, presence of functional groups, steric effects and electronic density of structure [101] . Interaction of p-orbitals of the inhibitor with d-orbitals of the surface atoms also enhances the properties of inhibitors [102] . Experimental and theoretical techniques were used to understand the dependence of the efficacy and structural properties of inhibitors [103] .
N-heterocyclic derivatives of imidazoline, 1,2,3-triazole, 1,2,4-triazole, benzotriazole, pyrrole, pyridine, pyrazole, bipyrazole, pyrimidine, pyridazine, indole, benzimidazole, quinoline, purine and tetrazole and pyrazine are effective corrosion inhibitors, used for iron or steel in acidic medium.
The inhibition impact of N-heterocyclic compounds is caused by the adsorption to metal surface through N-heteroatom, triple or conjugated double bonds or aromatic rings in their molecular structures. In addition, adsorption of inhibitor on steel/solution interface is influenced by the chemical structures, nature and charged surface of a metal, circulation of charge and type of the aggressive medium.
Organic inhibitors, e.g. Schiff bases, used in industrial processes to control metal dissolution and the consumption of acid, were invented to replace the inorganic inhibitors. Effectiveness of inhibitor depends on the size of the molecule, orientation, shape and the distribution of the electric charge. The polar organic compounds containing sulfur (thiourea) adsorb on the metal surface and form a charge exchange complex bond between their polar atoms and the metal [104] .
Addition of surfactants also modifies the interfaces by controlling, diminishing, or avoiding reactions between a substrate and environment. The corrosion inhibitory potential of surfactants relies on the classification of surfactants, the substrate type, inhibitor concentration, inhibitor structure, acid type and its pH, salts occurrence, co-surfactant, temperature, and dipping time [105] . Excellent corrosion inhibition was reported for iron and steel in acidic medium using quaternary ammonium surfactants [106] . Corrosion inhibitor effectiveness increases in the presence of an additional substance in the corrosive medium due to the synergistic effects. For example, halide ions are effective additives for quaternary ammonium surfactants, giving synergistic effect on corrosion inhibition of steel in acidic media.
Additionally , Ni 2+ and Fe 3+ and rare earth cations giving detectable change in the corrosion-resisting property of the metal [107] . The adsorption of the gemini surfactants on metal surfaces in acidic medium was affected by length of hydrophobic chains and the spacer length of the gemini surfactants [108] .
The corrosion inhibitors are toxic, and thus a great effort was applied to replace harmful inhibitors with effective non-hazardous alternatives. In recent years, several drugs have been used as corrosion inhibitors for various metals and other materials [109] .
Conclusions
Heterocyclic moieties are important class of organic compounds and acquire much attention because of their applications. The reactivity of imides is a consequence of the relative acidity of the (NH) group and the two carbonyl groups. Because of outstanding physical and chemical properties such as high modulus, high glass transition temperature and high stability, they are commonly used by pharmaceutical and agrochemical industries. Cyclic imides are resourceful compounds used to synthesize diverse heterocyclic systems such as: benzoxazines, pyridooxazines, quinazolines, and pyridopyrimidines. Heterocycles found numerous applications in biological, synthetic, and polymer chemistry and the use of inhibitors derived from heterocyclic moieties is the best practical approaches for shielding materials against corrosion, particularly in acidic medium.
